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Abstract The food environment in markets constrains and
signals consumers what to purchase. It encompasses availabil-
ity, affordability, convenience, and desirability of various
foods. The effect of income on dietary consumption is always
modified by the food environment. Many agricultural inter-
ventions aim to improve incomes, increase food availability
and reduce food prices. Their effects on nutrition could be
better understood if food environment measures helped to
explain how additional income is likely to be spent, and how
food availability and prices change as a result of large-scale
interventions. Additionally, measurement of the food environ-
ment could elucidate food access gaps and inform the design
of nutrition-sensitive interventions. This paper reviews
existing measures of the food environment, and then draws
from these tools to suggest ways the food environment could
be measured in future studies and monitoring.
Keywords Food environment . Agriculture-nutrition .
Food access . Dietary consumption .Monitoring
Introduction
Agricultural investments often have the primary goals of in-
creasing productivity and income. Similarly, in the case of
agriculture interventions aimed at improving nutrition, many
rely upon income as a pathway to nutrition, or on increasing
production that leads to greater food availability (World Bank
2007a). For example, in an analysis of Feed the Future activ-
ities, 100 % of USAID missions relied on the income-food
purchase pathway to improve nutrition, as well as the
production-own consumption pathway (Du 2014).
Much of agriculture-nutrition advocacy, however, cautions
against over-reliance on income generation as a means to im-
prove nutrition (FAO 2013a). Previous evaluations of agricul-
tural interventions have shown that income may rise without
improvements in nutritional status (von Braun and Kennedy
1994; World Bank 2007a). There are several reasons why
nutrition may not improve with increased income. One has
to do with who is controlling the income, because there are
well-documented differences in how women and men tend to
use income in many contexts (Smith et al. 2003; UNICEF
2011). Another reason is that, in many contexts, the strongest
causes of child malnutrition have to do with caring practices
that are not clearly linked to income. Yet another plausible
reason is that food environments do not support and encour-
age the use of income on healthy diets. Expectations for a
positive effect of income on nutritionmay need to be tempered
with an understanding of what foods consumers are likely to
purchase as their income rises.
Does increased income lead to improved diets?
Overall, does diet quality improve with income? It depends
on how diet quality is measured, and which aspects of diet
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quality are examined. BDietary quality^ has been described as
having at least two basic components: adequacy of health-
promoting foods, food groups and nutrients; and moderation
of foods, food groups and nutrients linked with poor health
outcomes (Guenther et al. 2008). Agricultural GDP growth is
associated with faster reductions in undernutrition, and also
faster increases in overweight and obesity than non-
agricultural GDP growth (Webb and Block 2012). Mainly
this is because agricultural GDP reaches the poor more effec-
tively (World Bank 2007b). This pattern of change in nutri-
tional status suggests that income increases are associated
with improvements in adequacy of diets but declines in
moderation. An example of this is Brazil: it is internationally
heralded for bringing down malnutrition rates from 13.5 to
6.8 % in 10 years through multiple routes including maternal
schooling, increased income, and improved primary health
care and sanitation (Monteiro 2009). At the same time, diets
are increasingly high in ultra-processed foods, associated
with a variety of indicators of poorer diet quality including
lower intakes of fiber and protein, higher saturated fat, free
sugars, sodium, and energy density (Monteiro et al. 2011).
The outcome is a nutrition transition: lower undernutrition,
and higher overweight and chronic disease in Brazil, with the
most rapid increases in overweight among the poorest groups
(Monteiro et al. 2007).
As income levels rise, demand for food variety rises quick-
ly (Behrman and Deolalikar 1989). The portion of an addi-
tional dollar of food spending on staple cereals decreases
quickly; also the portion spent on fruits and vegetables tends
to decline quickly, while spending on Bother^ foods (such as
prepared/ convenience foods) and beverages increases (Mu-
hammad et al. 2011). Similarly, as national income rises, the
proportion of calories from starches and plant-source proteins
declines, and the proportion of calories from animal fats and
proteins and from sweeteners increases (Drewnowski and
Popkin 1997). These data on average dietary changes at pop-
ulation level are cross-sectional, however, and do not reflect
variation in trajectories by country. As income rises, changes
in diets and nutrition have been somewhat predictable, known
as the nutrition transition (Popkin et al. 2012), but there is
variation across countries (Keats and Wiggins 2014). For ex-
ample, South Korea has experienced much lower rates of obe-
sity and non-communicable disease than would be expected
based on its income growth, which has been explained by
maintenance of nutritious traditional diets (Lee 2002). Con-
versely, rates of obesity and diabetes in Mexico are higher
than expected based on GDP alone, higher than in the United
States (FAO 2013b; IDF 2013), and it has one of the highest
rates of sugar-sweetened beverage consumption in the world
(Barquera et al. 2008).
Other evidence demonstrates that the relationship be-
tween income and diet quality varies by context. For
example, while there is a consistent positive correlation
between income and dietary diversity across contexts, the
magnitude is variable. Hoddinott and Yohannes (2002) show
that the elasticities of association between dietary variety
(number of unique foods consumed at the household level)
and expenditures (a measure of income) range from 0.39 to
1.37; meaning that in some settings (such as India in the
post-harvest season), a 1 % increase in dietary variety is
associated with a very small increase in income (0.39 %),
while in other settings (such as Mexico), the same increase
in dietary variety is associated with a larger increase in in-
come (1.37 %). In other words, the same increase in income
is associated with greater increase in dietary variety in India
than in Mexico. Some of this variation may have to do with
the availability of foods, as well as the extent to which
people depend on markets (as opposed to own-production)
for their diets.
Standard economic tools exist to describe the relationship
between income and consumption: Engel curves can be drawn
for each kind of food to depict how expenditures vary with
income, indicating that certain foods have higher or lower
status. Income elasticities of demand show how likely people
are to consume certain products if their income increases.
However, neither Engel functions nor income elasticities of
demand are static. Drewnowski and Popkin (1997) showed
that the income-diet relationship first described in the 1960s
changed significantly by the 1990s, particularly in that fat
consumption is less well predicted by GNP. A study of the
nutrition transition in China shows that the income elasticities
of demand shifted rapidly, so that in 1997, an increase in
income among the poor led to a greater increase in meat than
it had just 8 years earlier (Popkin and Du 2003). This reflects
changes in the food environment wherein meat was more
available and cheaper.
Defining the food environment
We define the food environment as the availability, affordabil-
ity, convenience, and desirability of various foods. This is
similar to other definitions,1 but with some important distinc-
tions: First, we consider policy and sociocultural aspects to
affect the food environment, but limit the scope of our defini-
tion to the above characteristics of actual foods. Second, our
definition includes convenience, unlike other definitions.
Third, it uses the broader term Bdesirability^ which encom-
passes but is more than Bquality^ which is used in other
1 Food environments are defined as the collective physical, economic,
policy and socio-cultural surroundings, opportunities and conditions that
influence people’s food and beverage choices and nutritional status and
they include things as such as food composition, food labelling, food
promotion, food prices, food provision in schools and other settings, food
availability and trade policies affecting food availability, price and quality.
(Swinburn et al. 2014)
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definitions (Swinburn et al. 2014; Health Canada 2013). The
on-farm and natural/wild food environments are part of the
food environment for producers and rural residents (see
Powell et al. 2015), but this paper focuses on the food envi-
ronment in markets, for the purpose of strengthening evalua-
tion of agriculture interventions that seek to improve nutrition
through higher income or lower food prices.
The food environment always modifies the effect of in-
come on dietary consumption. The interaction of income
and the food environment explains why household income
has a variable – and sometimes seemingly unpredictable or
less than expected – impact on nutrition. This interaction can
have a strong positive influence where the food environment
enables its use on healthy diets. Increased incomemay worsen
nutrition in some ways when food environments facilitate
spending toward unhealthy diets. The food environment in
markets is important for nutrition because it constrains and
signals consumers what to purchase. It affects diets by
circumscribing how income can possibly be spent on food
(what kind of food is available), as well as how income is
likely to be spent (based on affordability, convenience, and
desirability of various foods).
An ecological approach recognizes the complex factors
and contexts that influence individual dietary patterns. The
USDA Dietary Guidelines for Americans, and other publica-
tions, use an ecological model to illustrate how individual,
environmental, and social factors explain differences in die-
tary behaviors (USDA and DHHS 2010; Story et al. 2008;
Dufour et al. 2012; Glanz et al. 2005; Lytle 2009). The social
ecological model used by the USDA (Fig. 1) places individual
factors such as knowledge and taste within environmental
settings (the food environment). Sectors including agriculture,
marketing, industry, and government influence the food envi-
ronment, and are set within social and cultural norms and
values. Domestic nutrition research in high-income countries
uses the ecological approach to diet and health outcomes rou-
tinely, and describes the role the food environment plays in
food choices and nutrition transitions (Popkin et al. 2005;
Larson and Story 2009; Swinburn et al. 2011; Wansink
2010; Drewnowski et al. 2013; Brownell et al. 2010). In in-
ternational nutrition research and advocacy, the food environ-
ment has been considered to a lesser extent.
How the food environment affects consumption
Availability
Broadly, what is available is what is consumed. In the U.S.,
an analysis of the food supply shows, unsurprisingly, that it
matches closely with actual average diets, but not with die-
tary recommendations (Reedy et al. 2010). It is difficult to
determine the causal direction between associations of food
availability and consumption, as the relationship is bi-direc-
tional. However, at a very basic level availability must pre-
cede consumption; a food cannot be consumed if it is not
available at all.
Availability of different kinds of food has shifted profound-
ly in the last 20–50 years. Khoury et al. 2014 show that over
the past 50 years, species grown across countries have become
more similar. Globally, more calories, protein, and fat are pro-
duced from fewer species and with increased proportions of
quantities coming from energy-dense foods. From 1961 to
2009, Bhomogeneity increased by 16.7 %, as measured by
the mean change in similarity between each country and the
global standard composition, with a maximum (single-
country) change of 59.7 %^ (Khoury et al. 2014, p.4002).
The largest shifts toward the global standard occurred in
sub-Saharan Africa and East and Southeast Asia. The authors
note that the increasing similarity of production reflects
Fig. 1 Social ecological
framework for nutrition and
physical activity decisions
(Source: Reproduced from the
USDA Dietary Guidelines for
Americans 2010)
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interdependence among countries regarding the availability
and exchange of foods, and a global homogenization of diets.
Based on current food availability it is theoretically possi-
ble for all people to consume enough calories, but it is not
possible for all to consume nutritious diets. Fruit and vegeta-
ble availability cannot meet population needs to achieve die-
tary recommendations in most countries (Siegel et al. 2014;
Keats and Wiggins 2014). Pulse availability has declined
globally as a proportion of calories (Khoury et al. 2014), with
a decrease of almost one third from 1961 to 2009 including in
East and South Asia (Keats and Wiggins 2014) where pulses
are a nutritionally and culturally important part of traditional
diets (Graham et al. 2007; Bouis et al. 2011). In Africa, the
availability of pulses is about one third of estimated needs
(Herforth 2015). Conversely, staple cereal and oil availability
has gone up worldwide and in all regions; the commodities
with the greatest spread from 1961 to 2009 were oil crops,
including soybean, sunflower, and palm oil (Khoury et al.
2014). Supply of animal-source foods rose 40 % from 1961
to 2009, with major increases in poultry, pork, and beef; con-
sumption of these foods rose 82% in the same period globally
(Keats and Wiggins 2014).
These trends have led some to conclude that future food
production must primarily increase cereal, meat, and oil crop
production – because those have increased fastest in supply
and consumption to date. A USAID infographic states that
Bcereal production must rise by 42 %^, and Bbeef production
must rise by over 100 % by 2050 to meet our needs^ (USAID
2014). The CGIAR BBig Facts: Food Security^ website cites
research stating that cereal production, meat production, and
oil crop production Bmust increase^ by 940, 196, and 133
million tonnes, respectively, to meet global food demand in
2050 (CGIAR 2014; Alexandratos and Bruinsma 2012). The-
se estimates include the commodity crops and livestock that
have traditionally been a focus of agricultural research and
investment.2 Other food groups are not mentioned in these
declarations of need for food in the coming decades.
Fast foods and ultra-processed foods3 sold by transnational
food companies have also increased dramatically in availabil-
ity throughout the developing world (Pingali 2006; Monteiro
et al. 2010). Yet it would not be said that since demand is high
for fast food, more fast food should be made available as a
matter of public policy. Inasmuch as policy is promoting ce-
real, meat, and oil crop production, a side effect is that it may
be supporting the processed food industry and the availability
of ultra-processed foods. BIn high-income and rapidly grow-
ing low-income countries, the agricultural sector has become
or is rapidly becoming a supplier of raw materials for the food
processing industry, rather than a provider of food for direct
consumption^ (Pinstrup-Andersen 2013, p.9). The vast major-
ity of palm oil, for example, is used in ultra-processed foods
and other items, rather than consumed whole. A large propor-
tion of commercially-produced cereals and soybean are used
for livestock production.
An alternative viewpoint to maintaining the status quo and
focusing investments on cereal, oil, and meat production, is
that there is a need to shift diets to sustainably nourish the
planet (Foley 2014). This may be a necessity not just for
sustainability, but also for public health. The Global Burden
of Disease project shows that dietary risks are the top cause of
years of life lost in all developing countries combined (IHME
2013). The top contributors to dietary risks include low fruits
and vegetables, high sodium, low nuts and seeds, low whole
grains, low omega-3 fatty acids, low fiber, and high processed
meat (IHME 2013) – exactly what would be expected based
on the food supply. Lack of availability is the most basic level
of the food environment that affects dietary choices. Further,
availability of food is related to prices.
Affordability
Overall, howmuch do healthy diets cost? A growing literature
consistently shows that the cost of a healthy diet is higher than
the cost of an unhealthy diet. A systematic review of cost-of-
diet studies globally found that healthy diets were, on average,
approximately $10.50/week more expensive than less-healthy
diets, and that this difference was similar across countries
adjusting for purchasing power parity (Rao et al. 2013).4 In
the UK, a recent study disaggregated diets into five categories
of Bhealthfulness^ and found that the healthiest diet was dou-
ble the price of the least healthy diet (Morris et al. 2014). In the
US, there is an inverse relationship between energy density
and energy cost, and refined grains, added sugars, and fats are
much more affordable than the diet recommended by dietary
guidelines (Drewnowski and Darmon 2005a; b). While most
research on this question is from high-income countries,
Chastre et al. (2009) found that healthy diets were unafford-
able for large portions of the population in all sites studied
(Ethiopia, Myanmar, Tanzania, and Bangladesh), costing be-
tween $0.72 and $1.27/day at a minimum. In South Africa,
Temple and Steyn (2011) found that a healthier diet costs 69 %
more than an unhealthy diet on average, and that if healthy foods
were carefully selected economically, a healthy diet would add
2 The investment in basic agricultural research on legumes and vegetables
is 5 % and 1 %, respectively, compared to the overall CGIAR budget
(World Bank 2014).
3 BUltra-processed products are made from processed substances extract-
ed or refined from whole foods – e.g., oils, hydrogenated oils and fats,
flours and starches, variants of sugar, and cheap parts or remnants of
animal foods –with little or nowhole foods. . . [They] are typically energy
dense; have a high glycaemic load; are low in dietary fibre,
micronutrients, and phytochemicals; and are high in unhealthy types of
dietary fat, free sugars, and sodium.^ (Moodie et al. 2013)
4 All the studies available were from high-income countries, except for
Brazil and South Africa.
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costs of 10-15 % of total household income on average for most
families (all those except the wealthiest one-third).
If healthy diets are expensive, then the policy-relevant ques-
tion is, what is the best way to lower the cost of a healthy diet?
One hypothesis is that because staple grains take up the major-
ity of food intakes and expenditures of the poor, if staple prices
decline, it will drive down food prices overall and more income
will be freed to purchase micronutrient-rich foods, and dietary
quality will improve. A second hypothesis is that lower prices
of micronutrient-rich foods will lead to greater consumption of
them, and dietary quality will improve. Using existing literature
on consumption and elasticities, we examine these hypotheses.
When staple prices rise, diet quality among the poor tends
to decline. Bouis et al. (2011) show that when staple prices go
up, the proportion of the diet and budget dedicated to
micronutrient-rich foods goes down.5 The World Food Pro-
gramme found evidence of reductions in both quantity and
quality of food consumption following the food price crisis
in 2008 (Brinkman et al. 2010). Others have discussed how
the poor protect their consumption in the face of food price
increases, including consuming cheaper, lower-quality foods,
and reducing intake overall, and reducing expenditures on
non-foods (Ruel et al. 2010; Brinkman et al. 2010; Meerman
and Aphane 2012; Bouis et al. 2011; von Braun et al. 2008).
The poor in low-income countries spend 50–80 % of their
income on food (Brinkman et al. 2010), so a change in staple
prices strongly affects poor consumers’ real income. The ef-
fect of income on diet composition then depends on several
factors including the food environment, as discussed earlier.
When non-staple prices rise, diet quality also is observed to
decline. While real prices of staple grains have declined sig-
nificantly, real prices of micronutrient-rich foods have in-
creased over time (Gómez et al. 2013; Bouis et al. 2011;
Graham et al. 2007). High prices of non-staples relative to
declining staple grain prices over time may have served to
decrease their contribution to the diet, potentially resulting in
lower-quality diets despite increased quantity of dietary ener-
gy consumption (Traill et al. 2014; Pinstrup-Andersen 2013;
Gómez et al. 2013; Bouis 2000).
The effects of price changes of staples and non-staples on
consumption can be predicted from income elasticities of de-
mand (the change in demand for an item based on a change in
income), own-price elasticities of demand (the change in de-
mand for an item based on a change in its price), and cross-
price elasticities of demand (the change in demand for one item
based on the price change of another item). Two recent papers
provide a systematic review of existing own-price and cross-
price elasticity data for food (Cornelsen et al. 2014; Green et al.
2013). Using a meta-regression model, the authors produced
combined uncompensated elasticity estimates for seven food
groups in low, middle, and high-income countries. A 10 % in-
crease of the price of fruits/vegetables/legumes (FVL) predicts a
reduction in their consumption by 7.2 % in low income-
countries (6.5 % in middle-income countries and 5.3 % in
high-income countries), while the same increase in cereal prices
is associated with a small but significant (0.7 %) increase in
FVL consumption in low-income countries (Cornelsen et al.
2014). Similarly, a 10 % increase in the price of meat and dairy
will reduce their consumption by 7.8 % on average (8.0 % for
fish), and the cross-price elasticity between cereals and meat is
insignificant (Cornelsen et al. 2014; Green et al. 2013). These
global estimates account for methodological differences in esti-
mating elasticities across countries and studies. Some of the
studies had negative, and some had positive cross-price elastic-
ities between cereals and non-cereals; most were small and close
to zero.
Therefore, the main conclusion, based on many different
estimates using different methods is that own-price elasticities
have a much larger impact on consumption of specific food
groups than cross-price elasticities.6 The implication is that the
strongest way to increase consumption of nutrient-rich non-
staples is to reduce their prices. The best reason to reduce
staple grain prices is to increase real income, but not to im-
prove dietary quality directly. This finding is echoed in find-
ings that dietary variety is significantly associated with caloric
availability from staples, but more strongly associated with
caloric availability from non-staples (Hoddinott and Yohannes
2002). Furthermore, interventions that have deflated fruit and
vegetable prices generally have found that consumption in-
creases (Powell et al. 2009; Waterlander et al. 2013; Eyles
et al. 2012; French 2003; An et al. 2013). Figure 2 summarizes
the following relationships shown in the literature:
& Staple grain price down→more real income→ increased
dietary variety, animal-source food (ASF) consumption,
and junk food consumption dependent on food
environment
& Staple grain price down → weak effect of cross-price
elasticities
& Staple grain price down → strong effect of own-price
elasticities, staple consumption rises
& Non-staple price down→ strong effect of own-price elas-
ticities, non-staple consumption rises
5 Their simulation for rural Bangladesh predicts that an increase in staple
prices of 100 % will result in 20 % decline in staple consumption and a
27 % decline in non-staple consumption. (Meanwhile, a doubling of non-
staple prices will result in a 10 % decline in staples and a 95 % decline in
non-staples.)
6 Bouis et al. (2011) similarly found in a simulation in Bangladesh that a
doubling of non-staple prices will result in a much larger decline in non-
staple consumption (95 % decline) than a doubling of staple prices (27 %
decline). The authors conclude that increasing consumption of non-staple
foods is essential to meeting dietary requirements, especially of women
and preschool children, and that economic growth and Binvestment in
infrastructure and agricultural research to increase the production of
non-staple foods^ is needed to achieve increased consumption (p. S21).
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Convenience
There is not only a monetary cost of obtaining food, but also a
time cost. When time is a scarce resource, convenience may
be even more important than the dollar cost of food. It is well
established that taste, cost, and convenience are major factors
affecting food choices (Glanz et al. 1998). In the U.S., it has
been discussed that somewhat in contrast to the literature dem-
onstrating higher average cost of healthy diets compared to
poor diets, it is quite possible to obtain a very healthy diet at
low cost (Bittman 2011). The catch is that it will cost signif-
icantly more time to prepare (cooking vs. buying prepared
food), and in some cases to obtain; in some Bfood deserts,^
getting to a supermarket can take significantly more time than
a local fast food restaurant. Fast food, street food, and highly-
processed shelf-stable food has grown quickly in urban areas
because it is convenient. As people spend more time working
in formal labor markets, they spend less time on food prepa-
ration. Nutritional quality of meals eaten away from home in
U.S. is generally poorer than meals prepared at home
(McCrory et al. 1999; French et al. 2000; Diliberti et al.
2004). Brazil has adopted dietary guidelines that emphasize
home cooking because of the negative relationship between
food cooked outside the home and diet quality/disease risk
(Brazil Ministry of Health 2014).
One reason convenience is extremely relevant in low-
income settings, not just high-income ones, is that women’s
time is highly constrained all around the world. Low-income
women are not only income-poor, but also time-poor (FAO
2011). Reducing women’s time burdens is often discussed as a
principle of improving nutrition through agriculture (FAO
2013a; Herforth and Harris 2014). Time obtaining and prepar-
ing food represents a significant time burden for women, and
can vary seasonally, making convenient food particularly im-
portant in busy seasons (such as harvest time). Distance to
markets can be prohibitive; in sub-Saharan Africa, some data
indicate that only 20 % of the rural population is able to reach
a viable market in less than two hours (World Bank 2007b) – a
new spin on Bfood deserts,^ a term usually applied in high-
income countries. Most households do not have refrigeration
or the capacity to store perishable food for long periods of
time, meaning that if perishable food is not conveniently avail-
able nearby the household, it may be difficult to consume on a
daily basis. If markets are far, it may be easier to grow or wild-
harvest food than to purchase it. Pilot work in Guatemala
carried out by SPRING has shown from focus groups that
convenience is one of the most important factors in mothers’
decisions about food choice (Heather Danton, personal
communication).
Desirability
Consumption decisions cannot only be explained by decision-
making having to do with monetary and time costs. They also
have to do with desirability of foods. Desirability could be
thought of as made up of internal factors (taste) and external
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Staple consumption 






price elasticity of 
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Fig. 2 Elasticities map. The
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environment has a strong effect
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factors (status of foods, cultural norms, advertising, product
placement, food quality). Here, we focus on external factors as
part of the food environment. With the term Bdesirability^ as
part of the food environment, we do not refer to consumer
preferences per se, but rather to external influences on prefer-
ences: that is, the factors that would change the utility function
and preference ordering for certain foods.
Advertising is designed to influence food choices. Its pur-
pose is to increase the desirability of foods. Mexico recently
passed a new law limiting advertising of high-calorie food and
soft drinks, because consumption is so high and has been
linked to high rates of obesity. Other research has shown that
less overt measures can significantly change purchasing pat-
terns without consumers even being aware, such as product
placement (Wansink 2010). It has been noted by other
scholars that the public health sector could learn from the
private sector on marketing skills (Curtis et al. 2007).
Quality and sensory properties of the food, including visual
appeal, aroma, taste, and texture affect consumer demand and
habits also. A review on measuring the food environment in
Canada focuses on this aspect of desirability, calling it Bfood
quality^ (Health Canada 2013). For example, the quality of
produce including its sensory aspects may not be appealing to
consumers. Nutritious foods that degrade in quality can serve
to deter consumers from buying these foods; lower quality
produce is most often found in more disadvantaged areas of
lower socio-economic status (Glanz et al. 2007; Cummins
et al. 2009; Zenk et al. 2005).
Another side of desirability is the creation of knowledge and
norms. Consumer education campaigns and social marketing
influence attitudes about consuming certain foods. Gittelsohn
et al.’s (2012) systematic review on small-store interventions to
improve the food environment and dietary behaviors associated
with chronic disease risk found that two of the most common
strategies (in addition to increasing availability) included point-
of-purchase promotions such as shelf labels and posters, and
community engagement. African traditional vegetables have
been marketed based on nutrition and heritage qualities, chang-
ing consumer perceptions of them as Bpoor man’s food^
(Keding et al. 2013). South Korea did a social marketing cam-
paign of traditional food, one reason cited (next to low price and
high convenience of traditional foods) for its relatively healthy
dietary and nutrition pattern (Lee 2002).
Habits and norms can change over time. In the typical
pattern of dietary acculturation, the diets of immigrants adapt
to the new country; in the U.S., diet quality of most immigrant
groups declines measurably upon acculturation (Satia-Abouta
et al. 2002). Some research shows that dietary acculturation
has multi-generational effects at the biological level, as tastes
develop starting from young childhood and even in the womb
(Gugusheff et al. 2013). So, over time, a mutually-reinforcing
cycle may occur whereby dietary patterns adapt to the lack of
availability of fresh foods, and demand for healthy diets
declines. It may be easier to promote healthy food environ-
ments where norms already support their consumption, rather
than to try to improve their desirability and shift norms after
eating and nutrition transitions have already taken place.
Applying the food environment concept
in agriculture-nutrition evaluations
The food environment is not present in current consideration of
the agriculture-nutrition evidence base, although it likely has
the largest and most pervasive effect on diets and nutrition from
agriculture and food programs and policy. It has not been clear
how to measure it, and a precedent has not yet been set for its
inclusion in analyses of how agriculture affects nutrition. In a
database of 151 current agriculture-nutrition projects, only
15 % appear to be measuring any aspect of the food environ-
ment; typically availability and/or prices of specific foods
(Herforth, A., & Ballard, T. (Forthcoming). Survey of nutrition
indicators in agriculture – what is being measured, what is not
being measured, and what we can expect to learn). Part of this
lack of attention may have to do with a lack of discussion about
the food environment as an important effect modifier of income
that affects diets. Many frameworks have been developed re-
cently to illustrate the pathways from agriculture to nutrition.
No fewer than 12 appear in a review of how pathways from
agriculture to nutrition are currently conceptualized (Webb
2013). These existing frameworks all generally include various
portrayals of income generation and use, women’s empower-
ment, and direct consumption of own-produced food; many
also include food prices for their effect on real income. Only
two place the food environment between income and food con-
sumption (Hawkes et al. 2012; Herforth and Harris 2014), in
addition to a third in a conceptual framework not directly linked
to the agriculture-nutrition literature (Swinburn et al. 2014).
Another factor for the lack of measurement of food envi-
ronments in agriculture-nutrition literature is that indicators of
the food environment are not well-established for international
monitoring or use in projects. A significant body of literature
exists on measuring the food environment, but it is almost
exclusively in the context of high-income countries. At the
same time, the food market environment has been partially
measured by the agriculture sector for decades globally,
through food price data (e.g. data tracked by WFP VAM and
FAO). These measures, however, focus on basic staple grains
or aggregate food baskets, without attention to each food
group needed for a diverse, nutritious diet.
Agriculture-nutrition research would benefit from measur-
ing food environments for three reasons. First, it would help
to predict or understand the likely effect of additional in-
come on diets. Second, for those programs or larger-scale
investments that aim to reduce food prices and increase ac-
cess to diverse, nutritious food, it would help to monitor/
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evaluate their impact. Third, measuring food environments
would be helpful to design better nutrition-sensitive pro-
grams to fill supply and demand gaps based on an under-
standing of the existing food environment. The following
section reviews the current range of approaches on food
environment measurement, so that existing tools may be
drawn upon for application in international agriculture and
nutrition. These are summarized in Table 1.
Existing measures of the food environment
A range of food environment measurements have been devel-
oped in the past few decades due to the increased interest in
the complex factors that influence dietary behavior and diet-
related chronic disease. Researchers, practitioners, govern-
ments, industry, community organizations, and other institu-
tions, mostly in the U.S. and Europe, have been active in the
development of these measures. There are over 500 food en-
vironment measurements that focus on different features of
the food environment through varied approaches (National
Cancer Institute 2014). Most often, measures involve geo-
graphic aspects of the built food environment coupled with
characterizing the presence of specific healthy and unhealthy
foods. A systematic review of food environment measures
from 1990 to 2007 showed that geographic analysis involving
geospatial data, such as from GIS and proximity measure-
ments of food outlets, was the most frequently used type of
measure of the 137 articles found and reviewed on studies
using food environment measures (McKinnon et al. 2009).
These measures are proxies for the availability, affordability,
convenience, and desirability of certain kinds of food.
Availability and accessibility are among the most frequently
studied feature of the food environment and generally involve
geographic parameters of proximity, density, and variety of
food outlets at the ZIP-code and neighborhood levels. Food
availability measures may quantify and characterize the actual
foods available in an area and the amount of shelf-space ded-
icated to these items. Output from such availability measures
often involves categorizing food environments as healthy or
unhealthy on the basis of the food outlets and specific foods
available. Gustafson et al. (2013) reported that food venue
choice such as shopping at farmers’ markets or specialty gro-
cery stores resulted in higher chances of consuming fruits and
vegetables. The authors also reported that the high availability
of healthy food within a store results in lower chances of indi-
viduals consuming sugar-sweetened beverages. Increased
number and density of supermarkets in a neighborhood is as-
sociated with lower BMI and waist circumference among dia-
betic youth in the U.S. (Lamichhane et al. 2013).
Affordability measurements consider the cost of foods
within a defined area in either absolute, relative, or compar-
ative terms. They have traditionally taken into account the
cost of food relative to an individual’s or household’s pur-
chasing power and aggregate food costs to an area level
within a defined geographic area (Health Canada 2013).
However, only recently have researchers incorporated local
price data collection; previously, researchers drew on price
tracking at the national level from government and commer-
cial sources (Glanz 2009).
Convenience can be measured as the proximity of food
outlets to homes and amounts and different types of food
stores and restaurants in an area (density and variety). The
concept of food deserts measures proximity to outlets with
healthy foods such as grocery stores, while the concept of food
swamps measure proximity to unhealthy foods such as fast
food restaurants (Health Canada 2013). In addition, conve-
nience can bemeasured in terms of preparation time of various
kinds of foods; we are not aware of any metrics of food prep-
aration time within the food environment literature.
Desirability measurements evaluate food quality and are
among the least studied feature of the food environment
(Cummins et al. 2009) yet are of great importance because
overall quality of nutritious foods influences purchasing.
Measures of desirability are often subjective on the basis
of the perceiver as raters implementing the specific measure
can disagree about the desirability of the food, such as the
degree of bruising on fruits and vegetables, and willingness
to purchase produce of a specific quality at a specific price.
Store type can be a proxy for produce quality given the
finding that grocery stores offer more fresh produce com-
pared to convenience stores (Glanz et al. 2007). Information-
al aspects of the food environment affect desirability, and
include media and advertising operating at various scales.
Food environments may further be classified as social envi-
ronments that take into account the interrelationships be-
tween individuals such as social networks as well as demo-
graphic factors such as income and age.
Despite the emerging efforts to measure the food environ-
ment at the community level and the increased recognition of
the importance of the food environment in influencing dietary
quality and chronic disease, the science of measuring and
evaluating the food environment is in its early stages (Lytle
2009), particularly in regard to international food environ-
ments. The choice of which food environment measure to
use for a specific situation should be guided by the purpose
of the assessment, user needs for details and accuracy and
resources and expertise available (Ohri-Vachaspati and
Leviton 2010).
For relevance to agriculture interventions, particularly in
rural low-income settings, different emphasis is likely needed
from that of the food environment measures most commonly
used to date in high-income and urban settings. Agriculture-
nutrition interventions typically have no influence over phys-
ical food markets or restaurants, but often can influence avail-
ability and affordability of various foods. Some agriculture
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interventions may influence convenience and desirability, de-
pending on post-harvest inputs/activities such as packaging,
storage, and marketing. We next summarize specific tools
identified from the food environment literature that may be
relevant for use in agriculture-nutrition intervention design or
monitoring and evaluation.
INFORMAS food price module
The International Network on Food and Obesity/Non-
communicable disease Research, Monitoring and Action Sup-
port (INFORMAS) is a global network of public-interest or-
ganizations and researchers that aims to monitor, benchmark
and support public and private sector actions to create healthy
food environments and reduce obesity, NCDs and their related
inequalities (Swinburn et al. 2013). This network is develop-
ing a series of metrics to reflect healthy food environments.
One, which is under development, is of food prices (Lee et al.
2013). The authors of this tool conducted a review of food
environment metrics and concluded that a new framework
needs to be developed for monitoring food prices; they pro-
pose one based on Bhealthy^ and Bless healthy^ foods. While
useful from a public health perspective, the distinction be-
tween Bhealthy^ and Bless healthy^ has less resonance for
agriculture, which would monitor specific foods or food
groups (e.g., staple crops).
Nutrition environment measures survey for stores
(NEMS-S)
The Nutrition Environment Measures Survey for Stores
(NEMS-S) developed byGlanz et al. (2007) is among the food
environment measurements most widely used by researchers
and advocates in the United States that implements checklist
and inventory tools to assess the built food environment of
food stores. The NEMS-S checklist is based on the availability
and relative costs (affordability) of indicator food items from
various food categories. The selected food items are those
identified as the most widely consumed and available foods
in the United States, including both healthy and unhealthy
options. NEMS-S has been tested for inter-rater reliability
and test-retest reliability in neighborhoods of various socio-
economic status nationally (Glanz et al. 2007). In addition, all
researchers using NEMS-S are required to complete a free
online training for using this tool in order to enhance compa-
rability of this survey between studies. Researchers have var-
iably adapted NEMS-S for context specificity in various
neighborhoods and countries such as the Revised Nutrition
Environment Measures Survey (R-NEMS) designed specifi-
cally for neighborhoods of low socio-economic status
(Andreyeva et al. 2008) and Kanter et al.’s (2014) modified
NEMS-S for food environments in Guatemala in the form of a
mobile phone application. This could be explored for further
use in other low-income and rural settings.
Composite healthfulness scores of food retail stores
Healthfulness scores of food retail stores build on the param-
eters of NEMS-S to assess the availability of healthy foods
and less healthy foods. Specifically, the healthfulness scores
incorporate parameters of variety, price, quality, promotions,
shelf placement, store placement, nutrition information, and
healthier alternatives for each of the healthy and unhealthy
foods included (Black et al. 2014).
Healthy eating index (HEI)
This tool was originally developed by the USDA for individ-
ual diets based on the Dietary Guidelines for Americans (Ken-
nedy et al. 1995). It can be broadened beyond individual diets
to examine the quality of foods available in a given food
supply (Reedy et al. 2010; Krebs-Smith et al. 2010). The
HEI is based on a score from 0 to 100 of ten equally-
weighted dietary components with a higher score indicating
that the food availability is closer to the recommended
amounts. While useful for public health, its inclusion of nutri-
ents (e.g., saturated fats) in addition to food groups may make
this metric somewhat less applicable for monitoring availabil-
ity of agriculturally produced foods.
Healthy eating indicator shopping basket (HEISB)
The HEISB is a tool to evaluate the accessibility of healthy
food in conformance to standards of the UK Food Standards
Agency coupled with culturally-acceptable foods. The tool is
comprised of 35 items including 17 from fruit and vegetables,
nine from bread/cereal/potatoes, five from fish and meats,
three from dairy, and one from fatty and sugary foods. The
HEISB provides a basis for examining availability of healthy
foods in cross-sectional and longitudinal studies in the UK
(Anderson et al. 2007). A tool like this, using sentinel foods,
could potentially be used to assess markets in low-income
settings within zones of influence of agricultural interventions.
Consumer price index (CPI) for food
A Consumer Price Index (CPI) for food measures the
change in a market basket of foods. In the U.S., it is a
widely used indicator of changes in retail prices, a monthly
measurement of prices surveyed by the Bureau of Labor
Statistics (USDA ERS 2014). It includes food consumed
away from home as a single category, and food consumed
at home in categories of meat, eggs, dairy, fats and oils,
fruits and vegetables, sugar and sweets, cereals, beverages,
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and other foods. The methods used to calculate these food
prices can be used at national and local levels.
WFP VAM food price monitoring
Closely related to the CPI, theWorld Food Programme (2014)
hosts a BFood and Commodity Prices Data Store^ as part of its
Vulnerability Analysis and Mapping (VAM). It collects data
monthly, and calculates a CPI quarterly for basic staples. The
price monitoring is only done for staple grains, but the meth-
odology could be adapted to many food groups. In many
countries, agricultural extension has some role in gathering
market price data for food. Depending on capacity and com-
prehensiveness, these data could be leveraged for monitoring
availability and affordability of diverse diets.
Subjective measures of food availability
Perceived availability predicts consumption; greater perceived
access to fruits and vegetables was significantly associated
with higher increases in fruit and vegetable consumption
(Caldwell et al. 2009). While some studies have shown that
self-reported perceptions of food access correlate well
with objective assessments of the local food environment
(Freedman and Bell 2009), others conclude that subjective
measures do not line up to objective food environment mea-
sures (Moore et al. 2009; Williams et al. 2011; Winkler et al.
2006). Subjective measurements are thus important to take
into consideration when evaluating how people interact with
their environments to purchase and consume food (Cummins
2007). Interviews and questionnaires present a commonly uti-
lized approach with more subjective data, including consumer
perceptions of the food environment such as the Perceived
Availability of Healthy Food Questions (Moore et al. 2008).
Cost of diet tool
The Cost of Diet tool was developed by Save the Children,
UK for an international nutrition context to calculate the cost
of the least expensive diet that meets the nutritional require-
ments of families using foods available locally (Chastre
et al. 2009). The CoD uses data from Household Economy
Approach assessments (Save the Children 2014), coupled
with a list of locally available foodstuffs and prices per
season, data on food composition from the Food and Agri-
culture Organization (FAO), and individual nutrient require-
ments based on World Health Organization (WHO) recom-
mendations. Output from the CoD can identify foods that
are the least or most expensive sources of energy and nutri-
ents towards designing interventions targeted at improving
dietary quality. A possible application of this tool for agri-
culture would be to signal which nutrient-dense and desir-
able foods are unaffordable, in order to target their
production. However, this tool is time-consuming to imple-
ment and may not be feasible in most program monitoring
and evaluation systems.
Optifood tool
Optifood is a computer software program that was developed
by WHO et al. for an international nutrition context to im-
prove dietary quality through the lowest cost using locally
available foods. Findings from this program can identify nu-
trient gaps and suggests food combinations that the local diet
can fill towards developing strategies for nutrition education
and behavioral change interventions. For example, Optifood
analysis in communities that are part of the USAID-funded
Feed the Future Initiative in Guatemala identified a combina-
tion of locally available foods and a fortified cereal along with
mother’s breast milk to satisfy most children’s nutrient needs.
The main purpose is to identify which foods can meet nutrient
needs at lowest cost, in order to come up with nutrition
education/behavior change strategies; not to monitor afford-
ability of diverse foods. The foods identified by this tool could
potentially be targeted for household-level or community-
level production in interventions.
Next steps
We find that few existing measures are directly relevant for
application to agricultural settings internationally (many hav-
ing been developed in high-income settings), or for under-
standing the impact of agricultural interventions on con-
sumers. There are some tools that could be used or modified
to assess availability and affordability of nutritious foods.
While convenience and desirability are important, they are
complex to measure, and limited methodologies currently ex-
ist to build upon. The primary need is the development of
measures of availability and affordability of the components
of a diverse, nutritious diet as these are not only most feasible
to measure, they are also crucial factors for determining food
security. Availability and affordability within a specified geo-
graphic range are the external (non-intra-household) factors
that determine food Baccess.^
Key research questions include: (1) How to develop reli-
able, feasible, objective and/or subjective measures of avail-
ability and affordability of diverse, nutritious diets; (2) Under
which circumstances should they be part of agriculture-
nutrition evaluations? Such metrics might be more applicable
in national monitoring frameworks, from which any given
program could draw. (3) How to measure all aspects (includ-
ing convenience and desirability), and all parts of the food
environment (farm and natural environments, in addition to
market environment). Should there be a dashboard of several
measures, or one composite measure?
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A notable need for a food environment measure useful for
agriculture-nutrition monitoring is an objective measure of
prices of various food groups. Specifically, there is a need to
develop, standardize and mainstreammethods for aggregating
data and deriving a price that represents the whole food group.
While there is not a clear established methodology to achieve
this in a way that is easily collected, analyzed and communi-
cated, several of the existing tools listed above provide valu-
able insights toward the development of a feasible, valid met-
ric of diverse food access. For example, the methods WFP
uses for weekly monitoring of food staple prices could be
adapted to other non-staples. A CPI for various food groups
might also be tracked, given adequate capacity for the needed
data collection and analysis. Additional methodological in-
sights may be gained from the experiences of developing the
Cost of Diet and Optifood tools, which may be useful for
designing household-level interventions.
Another measure that is worthy of developing is a sub-
jective measure of availability and affordability of diverse
nutritious foods. Previous studies have found that percep-
tions of the food environment are more strongly correlated
to food-related behaviors and diet quality than objective
food environment measures (Giskes et al. 2007; Zenk et al.
2005; Inglis et al. 2008). Existing subjective measures of
availability and affordability could be further explored to
develop such a methodology.
Ultimately, it would be useful to capture all aspects of the
food environment, including convenience and desirability.
Measures such as time or distance to markets, or the kinds
of markets easiest to access, could be developed based on
many of the U.S. metrics of restaurants and grocery stores.
Preparation time of foods could be an aspect to add to metrics.
The INFORMAS group is developing metrics of food retail
and promotion that could capture aspects of desirability
(Swinburn et al. 2013); attitude scales about certain foods
could be another angle to capture desirability in terms of
norms. Measures such as the NEMS-S, which have already
been tested in a low-income country, could be useful to exam-
ine for capturing the food environment holistically.
Conclusion
This paper explores the potential of measuring the food envi-
ronment within agriculture-nutrition interventions. We em-
phasized that the effect of income on consumption is always
modified by the food environment. The food environment can
be defined as availability, affordability, convenience, and
desirability of various foods. This is similar to other defini-
tions, but adds convenience, and uses the broader term
Bdesirability^ which encompasses but is more than Bquality.^
These four factors influence consumption. Policy and socio-
cultural aspects affect these four aspects of the food
environment. Availability and affordability within a specified
geographic range are the external (non-intra-household) fac-
tors that determine food access.
The food environment of markets is not present in current
consideration of the agriculture-nutrition evidence base, al-
though it likely has a large and pervasive effect on diets and
nutrition from agriculture programs and policy. All commer-
cial agriculture affects the food environment at the same
time as it affects income (often, it also affects control of
income within the household). The interaction between in-
come and the food environment explain why household in-
come has a variable – and sometimes seemingly unpredict-
able, or less than expected – impact on nutrition. Income can
have a strong positive influence where the food environment
enables its use on healthy diets. Increased income may wors-
en nutrition in some ways (such as by increasing obesity and
chronic disease) when food environments facilitate spending
toward unhealthy diets.
The development of food environment metrics could ben-
efit agriculture-nutrition interventions in several ways. They
could track the impact of these interventions on food environ-
ments and could be used to increase understanding of how
income is likely to affect diets. In addition, food environment
measures could be used to assess food gaps to better inform
the design of agriculture-nutrition programs. While there are
many ways the food environment has been measured, it has
not been clear how to measure food environments in
agriculture-nutrition interventions and a precedent has not
yet been set for its inclusion in this context. Some existing
measures are relevant to apply internationally in rural areas,
but none is immediately feasible and scalable without
streamlining and mainstreaming a methodology. Further anal-
ysis and research is needed. The primary need is a measure of
affordability of the components of a diverse diet. This could
be an objective or a subjective measure. Other non-market
parts of the food environment also need to be understood, such
as on-farm and natural/wild food environments.
Ultimately, metrics are needed to inform strategies for
improving food environments. The most effective strate-
gies will vary by stage of the nutrition transition. In places
where norms and habits support traditional food culture,
reducing cost of a healthy traditional diet may be a rela-
tively effective way to improve diets (i.e., where supply of
nutritious foods does not meet demand). In places where
diets have transitioned to high intakes of ultra-processed
foods, more emphasis on convenience and desirability may
be needed.
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